Introduction: Use of machine-estimated higher nicotine/tar yield (regular full-flavor) cigarettes is associated with increased risk of nicotine dependence. The present study examined risk factors for using full-flavor versus other cigarette types, including socioeconomic disadvantage and other risk factors for tobacco use or tobacco-related adverse health impacts. Associations between use of full-flavor cigarettes and risk of nicotine dependence were also examined. Methods: Data were obtained from nationally representative samples of adult cigarette smokers from the US National Survey on Drug Use and Health. Logistic regression and classification and regression tree modeling were used to examine associations between use of full-flavor cigarettes and educational attainment, poverty, race/ethnicity, age, sex, mental illness, alcohol abuse/dependence, and illicit drug abuse/dependence. Logistic regression was used to examine risk for nicotine dependence. Results: Each of these risk factors except alcohol abuse/dependence independently predicted increased odds of using full-flavor cigarettes (p < .001), with lower educational attainment the strongest predictor, followed by poverty, male sex, younger age, minority race/ethnicity, mental illness, and drug abuse/dependence, respectively. Use of full-flavor cigarettes was associated with increased odds of nicotine dependence within each of these risk factor groupings (p < .01). Cart modeling identified how prevalence of full-flavor cigarette use can vary from a low of 25% to a high of 66% corresponding to differing combinations of these independent risk factors. Conclusions: Use of full-flavor cigarettes is overrepresented in socioeconomically disadvantaged and other vulnerable populations, and associated with increased risk of nicotine dependence. Greater regulation of this cigarette type may be warranted. Implications: Greater regulation of commercially available Regular Full-Flavor Cigarettes may be warranted. Use of this type of cigarette is overrepresented in socioeconomically disadvantaged and other vulnerable populations and associated with increased risk for nicotine dependence.
Introduction
authority creates the opportunity to eventually require that nicotine exposure levels from cigarettes fall below the threshold necessary to produce nicotine dependence, although greater understanding of the relationships between nicotine content, yield, and dependence risk will be necessary to achieve that goal. 3, 4 Hence, increasing understanding of the relationships between nicotine exposure from cigarette use and dependence risk is of greater importance than ever to support evidence-based tobacco regulation.
The present study was conducted to systematically follow-up on a recent report demonstrating that use of commercially available, machine-estimated higher nicotine/tar yield (ie, regular full-flavor) cigarettes is associated with increased risk of nicotine dependence compared to lower nicotine/tar yield (light) cigarettes in nationally representative samples of US smokers. 5 In that study, the odds of nicotine dependence were greater among users of regular full-flavor compared to lower nicotine/tar yield cigarettes even after adjusting for sociodemographic and other smoking characteristics. This relationship was generally graded across differing nicotine/tar yield cigarettes, discernible across two definitions of nicotine dependence, and observed among adult and adolescent smokers.
Worth clarifying is that commercial higher and lower nicotine/ tar yield cigarettes have the same nicotine content, but the latter are engineered through ventilation and other design features to dilute the smoke and reduce toxin exposure compared to the former. There is broad scientific consensus that users of machine-estimated lower nicotine/tar yield cigarettes commonly engage in compensatory smoking by blocking the ventilation holes or altering their smoking topography in order to achieve desired nicotine blood levels thereby undermining the goal of reducing health impacts by lowering toxin exposure. 6 However, what is less well recognized is that compensatory smoking is typically partial with regard to nicotine exposure, with meta-analysis suggesting that compensation is typically about 75%. 7 If that average 25% difference between higher and lower yield cigarettes in nicotine exposure levels is sufficient to result in differences in nicotine dependence risk, the implications are substantial as nicotine dependence is considered to be the main contributor to the emergence and persistence of chronic smoking. [8] [9] [10] Put differently, greater risk of nicotine dependence may be an important but overlooked adverse impact of using machine-estimated higher versus lower nicotine yield cigarettes.
The purpose of the present study was to examine whether use of these higher yield or full-flavor cigarettes is overrepresented in populations known to be more vulnerable to (1) cigarette smoking generally or (2) the adverse health effects of smoking (ie, health disparities). Early reports on use of different nicotine/tar yield cigarettes noted substantial differences in preferences by socioeconomic and sociodemographic differences, 11, 12 but, to our knowledge, there has been little subsequent scientific attention to such differences and no examination of associations with risk for nicotine dependence other than the report described above. 5 Lower socioeconomic status in the United States and most other developed countries is among the most robust predictors of cigarette smoking, being associated with higher prevalence of cigarette smoking, heavier smoking, higher rates of nicotine dependence, lower intentions to quit, lower success rates in quitting smoking, smoking during pregnancy, and higher rates of smoking-related morbidity and mortality. [13] [14] [15] [16] [17] Understanding factors underpinning this increased vulnerability to smoking and associated adverse consequences is an important goal in efforts to improve population health and reduce health disparities. 18, 19 Of course, those with lower socioeconomic status are not the only population subgroup at increased risk for cigarette smoking and associated adverse consequences. For example, male sex, younger age, race/ethnicity, alcohol use disorders, illicit drug use disorders, and mental illness are each independent risk factors for cigarette smoking.
14 Hence, the present study also included examination of whether use of full-flavor cigarettes was overrepresented in these other vulnerable population subgroups as well. We hypothesize that use of machine-estimated high nicotine/tar yield cigarettes is overrepresented in socioeconomically disadvantaged and other vulnerable populations of smokers and associated with increased risk for nicotine dependence.
Methods

Data Source
The National Survey on Drug Use and Health (NSDUH) is a nationally representative survey of the US noninstitutionalized population aged at least 12 years that measures prevalence and correlates of drug use. 20 Detailed descriptions of survey procedures have been provided for each of the survey years. [21] [22] [23] We used the most recent 3 years at the time the study was conducted and opted to combine across survey years for purposes of increased sample sizes for examining relations within population subgroups. Only individuals aged at least 18 years were included in the present study so that participants were likely of legal age to purchase cigarettes and hence better able to express a brand preference. Across each of the survey years, NSDUH recruitment was completed using a multistage area probability sample design in which a predetermined number of participants were randomly recruited by address within each state. Respondents completed computer-and audio-assisted structured interviews. Respondents were selected from the civilian noninstitutionalized population, including group homes, shelters, and college dormitories. Individuals on active military duty, in residential drug treatment programs, in jail, or homeless without residence are excluded from participation in the NSDUH. The present study included 114 426 adult respondents interviewed during 2011 (N = 39 133), 2012 (N = 37 869), and 2013 (N = 37 424). Annual weighted response rates were 74.4%, 73.0%, and 71.7% for the 2011, 2012, and 2013 surveys, respectively. Data were weighted during analysis to adjust for the differential probability of both selection and response.
Current smoker status was defined as smoking all or part of a cigarette within the 30 days preceding the interview and at least 100 cigarettes lifetime. Educational attainment was defined as less than high school, high school only, some college, or a 4-year college degree or more. Poverty status (living below or at/above the federal poverty line) was defined using poverty thresholds published by the US Census Bureau. The six racial/ethnic categories used in the survey were mutually exclusive. Persons identified as Hispanic might be of any race while persons identified as White, Black, Asian, American Indian/Alaska Native, or Other were all non-Hispanic. The category "Other" included Native Hawaiians or Other Pacific Islanders and individuals endorsing two or more races. Any mental illness was defined as having a mental, behavioral, or emotional disorder in the past 12 months, excluding developmental or substance use disorders. To assess the presence of any mental illness, respondents aged at least 18 years answered a series of 14 questions that made up two scales measuring psychological distress (Kessler-6) and disability (World Health Organization Disability Assessment Schedule). Scores on these two scales were used to determine any mental illness status based on a statistical model developed from clinical interviews that assessed disorders based on criteria in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). Past year alcohol and illicit drug abuse/ dependence diagnoses were also based on DSM-IV criteria. Note that the vulnerable populations investigated in the present study were not intended to be representative of all those at increased vulnerability to cigarette smoking, but instead represented those subgroups included in the NSDUH that are known to be at increased risk. 14 
Cigarette Type
Smokers in the NSDUH were asked to indicate the type of cigarette they usually smoke. More specifically, they were asked "During the past 30 days, what type of cigarettes did you smoke most often?" Respondents selected one of four options: full flavor, medium, light, or ultralight. For purposes of the present project, responses were dichotomized into use of full-flavor (FF) versus lower (L) estimated yield cigarette types. This was done to focus on the highest estimated yield, which in the earlier study on this general topic 5 was associated with the greatest dependence risk and to limit the number of cigarette types considering that we were examining eight different risk factors.
Nicotine Dependence
NSDUH respondents who reported current smoking were assessed for nicotine dependence using two measures. (1) They answered the first item on the Fagerström Test for Nicotine Dependence (FTND): "How soon after waking do you smoke your first cigarette?" 24 Respondents who reported smoking within 30 min after waking are classified as nicotine dependent in the NSDUH. (2) They also completed the Nicotine Dependence Syndrome Scale (NDSS), which is a 17-question validated multidimensional assessment of nicotine dependence that includes questions of smoking-related mood changes, craving, feelings of control, and smoking patterns. 8 Each question on the NDSS is scored from 1 to 5, with higher scores indicating greater severity. A respondent is classified as nicotine dependent in the NSDUH if the average across questions is at least 2.75. The 17-item NDSS in this study sample had a reliability coefficient (Cronbach's alpha) of 89. Inclusion of both measures provides an indication of the generality of the any relationships observed with cigarette type across two valid methods of assessing nicotine dependence used in tobacco research.
Statistical Methods
Sample-adjusted frequencies and 95% confidence intervals (CIs) were generated across all respondents at least 18 years of age. Variables of interest were determined based on previously identified socioeconomic and sociodemographic independent predictors of current smoking, including educational attainment, poverty status, age, sex, race/ethnicity, past year mental illness, alcohol abuse/ dependence, and illicit drug abuse/dependence. 14 Associations of these risk factors with preference for FF cigarettes versus L were examined. For each risk factor, weighted, univariate logistic regression by current smoking status was used to determine which variables would be included in subsequent multivariable models for current smokers. Multiple logistic regression was then used to analyze preference for FF cigarettes by current smoking status, using all variables from univariate logistic regression that significantly predicted FF preference for current smokers. PROC SURVEYLOGISTIC in SAS (SAS Institute, Cary, NC) was used to conduct these analyses, relying on maximum likelihood estimation and the Fisher scoring algorithm. Variances were estimated using Taylor series linearization.
Multiple logistic regression analyses were also conducted within each of the risk factor groups to examine relationships with nicotine dependence, using both the FTND and NDSS as dichotomous outcome measures, while controlling for cigarettes per day and age of smoking initiation. Both cigarettes per day and age of smoking initiation were categorical variables, with cigarettes per day ranging from less than one to more than 35 (seven levels) and age of smoking initiation with four levels: 14 years or younger, 15-to 17-years old, 18 years or older, and nonusers. Odds ratios (with 95% CIs) were generated. Across all tests, statistical significance was defined as p < .05 (two-tailed).
Lastly, a Classification and Regression Tree (CART) analysis 25 was conducted to examine interrelationships of risk factors in current smokers' preference for FF cigarettes. CART is a nonparametric procedure for dividing a population of interest into mutually exclusive subgroups based on a dependent variable of interest, such as preference for use of FF cigarettes in the present study 26 and, in the process, identifying independent variables with the most explanatory power in accounting for that dependent variable. The process begins by identifying the single most important independent variable for dividing the total sample (parent node) into two groups (child nodes), using a predetermined branching criterion. Nodes are split based on their purity using the Gini impurity function. 25 A "pure" node has no variability in the dependent variable. A completely "impure" node has a conditional probability of p(k|t) = .5, where k refers to the dependent variable and t refers to the node. 27 A splitting or branching criterion "selects the split that has the largest difference between the impurity of the parent node and a weighted average of the impurity of the two child nodes." 26, p. 174 Given the dependent variable was binary, we used the Gini impurity function to split nodes, repeating the process recursively with every subsample, until the subsample reached a minimum size or no further splits could be made. The tree was built using R's rpart package. 28, 29 We used the classification method in R, given the dependent variable was binary, and included survey weights, given the multistage sampling procedures of the NSDUH. A fully saturated tree was produced initially, and then pruned by selecting the complexity parameter that minimized cross-validation error and setting a minimum sample size in terminal nodes of n = 1000.
Results
Logistic Regression Analyses
Each of the eight risk factors was univariately associated with increased odds of using FF cigarettes (Table 1) . When each of the risk factors was examined together in a multivariate model, all but past year alcohol abuse/dependence remained significant indicating that they are independent risk factors for using FF cigarettes ( Table 1) . Odds of using FF cigarettes were inversely related to educational attainment, with the greatest likelihood seen among those with less than a high school education; greater among those living below compared to at or above the federal poverty line; inversely related to age, with odds greatest among those 18-25 years of age compared to those at least 65 years; greater in males than females; greatest odds in Blacks, followed by Native Americans, Other, Hispanic, and Whites compared to Asians; and greater odds among those with past year mental illness or illicit drug abuse/dependence compared to those without those disorders.
As might be expected considering that use of FF cigarettes is associated with significantly greater odds of nicotine dependence in the general population of smokers, that same relation is seen in each of these subgroups with greatest odds of using them. Shown in Table 2 , for example, are the odds of nicotine dependence among those using FF cigarettes compared to users of cigarettes with lower estimated nicotine/tar yields within each of the risk factor subgroups noted above to have the greatest odds of using FF cigarettes. Odds of nicotine dependence were significantly greater among users of FF compared to L cigarettes in those with less than a high school education, those with annual incomes below the federal poverty level, those 18-25 years of age, those of Black race/ethnicity, and those with past year mental illness or illicit drug abuse/dependence. The increases ranged from 53% to 104% on the time-to-first cigarette measure and from 15% to 72% on the NDSS measure. These increases were significant across both measures in each subgroup except for Black race/ethnicity where significance was reached on the time-to-first cigarette but not the NDSS measure (ie, 13 of the 14 comparisons).
CART Analysis
The CART analysis identified educational attainment as the strongest risk factor for using FF cigarettes, followed by poverty status, sex, age, race/ethnicity, past year mental illness, and past year illicit drug abuse/dependence, respectively. Figure 1 shows a pruned classification tree modeling changes in prevalence of using FF versus L estimated nicotine/tar yield cigarettes associated with various combinations of these seven independent risk factors. The graphic is designed to represent an inverted tree.
The rectangle (node) shown at the top is the root node representing 100% of the adult, noninstitutionalized population of US current smokers. Prevalence rates of using FF versus L cigarettes in the overall population were 49% versus 51%, respectively. That node is not bolded because prevalence of FF use is less than 50%. The first split of the entire population was based on whether someone was or was not a college graduate. College graduates branched leftward and downward to a terminal node (no further splitting/classification possible). Prevalence of using FF versus L cigarette types among college graduates is 25% versus 75%, respectively, and this node represents 15% of the entire current smoker population. The 85% of current smokers with less than a college education branched rightward and downward to a child node (further classification/splitting possible) with prevalence of FF versus L being 49% versus 51%.
The next branching of the 85% of smokers with less than a college education was based on poverty status. The 21% of smokers with less than a college education and annual incomes below the federal poverty level branched rightward and downward, and for the first time there is a bolded node wherein a majority used FF versus L cigarette types at rates of 61% versus 39%, respectively. The 64% of current smokers with annual incomes at or above federal poverty levels branched leftward and downward with prevalence of FF versus L cigarette type being 45% versus 55%, respectively.
The next branching factor was sex across those with annual incomes at or above the federal poverty level and those with incomes below the poverty level. Among the 64% of current smokers with less than a college education, annual incomes at or above poverty level, females (28%) branched leftward and downward while males (36%) branched rightward and downward. Prevalence of use of FF versus L cigarette types remained well below the majority among females (36% vs. 64%), but not among males where prevalence was 51% versus 49%. Among those with less than a college education and annual incomes below the federal poverty level, the branching Data are from adult smokers (age 18+) in the 2011-2013 National Survey on Drug Use and Health (n = 29 558). The reference category for age is at least 65 (n = 748 or 7.9%). The reference category for education is college graduate (n = 3203 or 14.9%). The reference category for race is Asian (n = 530 or 2.0%). "Other" includes multiracial and Hawaiian/Pacific Islander (due to small sample sizes). Adjusted analyses controlled for the influence of each of the other seven independent risk factors for use of high nicotine/tar yield cigarettes; alcohol abuse and dependence was not a significant independent predictor and thus was excluded from the adjusted analyses. aOR = adjusted odds ratio; CI = confidence interval; OR = odds ratio. *p < .01, **p < .001.
by sex resulted in nodes where the majority of smokers in each used FF versus L cigarette yields. For males that combination of factors resulted in a terminal node comprising 10% of current smokers, with prevalence of using FF versus L cigarette yields being 66% versus 34%, respectively. Branching continued based on these different risk factor combinations until there was a total of 13 terminal nodes, with prevalence rates of using FF cigarettes varying 2.6-fold from a low of 25% to a high of 66%.
Discussion
The primary aim of the present study was to assess whether FF cigarette use continues to be overrepresented among socioeconomically disadvantaged and other populations known to be vulnerable to cigarette smoking and tobacco-related adverse health effects as it was in earlier research on differing machine-estimated nicotine yield cigarettes. 11, 12 The results affirm that association demonstrating that lower educational attainment and having an annual income below the US federal poverty level are each independently associated with increased odds of using FF cigarettes compared to those with greater education or higher incomes. Indeed, being a college graduate was the only characteristic that stood alone as a risk profile in the CART analysis. A college education was associated with relatively low rates of using FF cigarettes, with only 25% of smokers with a college education reporting use of FF cigarettes compared to the overall prevalence in US adult smokers of 45%. The present results also demonstrate that use of FF cigarettes within these socioeconomically disadvantaged smoker groups is associated with increased odds of nicotine dependence as has been reported for the general population of adult and adolescent smokers. 5 The particularly strong association between educational attainment and risk of using FF cigarettes merits underscoring. An almost identical pattern of results was seen in an earlier study examining the association of this same set of risk factors with odds of being a current smoker.
14 Educational attainment was the strongest independent risk factor in both studies. Compared to college graduates, those with less than 12 years of education were 4.6-fold more likely to be current smokers in the prior study and 3.4-fold more likely to use FF cigarettes in the present study. In both studies, being a college graduate was the only variable that stood alone as a risk profile in the CART analysis. Educational attainment is also a robust independent predictor of successfully quitting smoking, as well as the likelihood of other forms of tobacco use. [13] [14] [15] [16] [17] Unfortunately, the mechanisms underpinning this broad and robust association between educational attainment and various aspects of cigarette smoking and other tobacco use are not yet well understood. A recent study in women of reproductive age examined the possibility that delay discounting or other measures of impulsivity and biases in decision making might mediate the association between educational attainment and vulnerability to smoking. 30 Instead of mediation, however, educational attainment, delay discounting rates, and Barrett impulsivity test scores 31 were each independent predictors of smoking status. Elucidating the mechanisms underpinning educational attainment and smoking risk would represent a substantial advance toward answering the proverbial question of why people continue to smoke despite the well-established and numerous serious adverse health risks of doing so.
Importantly, the present results also demonstrate that, as in the case of risk for being a current smoker, 14 risk for using FF cigarettes is associated with other independent risk factors, including younger age, male sex, minority race/ethnicity, past year mental illness, and past illicit drug dependence. As noted above for socioeconomic status, use of FF versus L cigarettes within each of these population subgroups was associated with greater odds of nicotine dependence even after controlling for smoking rate and age of smoking initiation as was seen previously in the general population of smokers. 5 The CART analysis illustrates how risk for using FF cigarettes varies in a summative manner related to the number of these risk factors present such that in some subgroups (eg, college graduates discussed above) only one-quarter of smokers use FF cigarettes while in others (eg, males with less than college education and incomes below the Means and SEs are derived from the NDSS score and represent average scores across the 17-item instrument. ORs and 95% CIs for NDSS are derived from a dichotomous variable used in the National Survey on Drug Use and Health wherein those with mean scores of 2.75 or greater across items are classified as nicotine dependent. aOR = adjusted odds ratio controlling for cigarettes smoked per day and age of smoking initiation; CI = confidence interval; M = mean; NDSS = Nicotine Dependence Syndrome Scale. *p < .01, **p < .001.
federal poverty cutoff) as many as two-thirds do so. The CART analysis, with its explicit rank ordering of the relative strength of the risk factors of interest and delineation of risk profiles and associated proportions of the total adult smoker population included in each, provides information beyond that obtained in multiple regression analyses that has the potential to be useful in devising tobacco control and regulatory policy. In terms of more basic scientific implications, the independence of each of the seven risk factors underscores how risk for using FF cigarettes, as well as risk for smoking generally, 13 is multiply determined and probably not accounted for by any single underpinning mechanism.
The point on multiple determinants notwithstanding, there is broad scientific consensus that cigarette smoking represents a form of drug self-administration with nicotine acting as a primary, centrally mediated, reinforcer that sustains the behavior. 9, 10 As such, it would seem likely that the greater nicotine yield of FF compared to L cigarettes contributes, at least in part, to the preferences that these vulnerable subgroups of smokers study show for the highest machine-estimated nicotine yield cigarettes. As discussed briefly above, while there is considerable evidence documenting compensatory smoking with L yield cigarettes that results in higher levels of nicotine exposure than would be expected based on their machineestimated yields, there is also considerable evidence, 7 including results from rigorous experimental brand-switching studies, [32] [33] [34] that compensation is often partial. That is especially the case when estimated yield differences are large, resulting in differing levels of nicotine exposure corresponding to the different machine-estimated nicotine yields. The greater nicotine exposure associated with using FF cigarettes would also provide a parsimonious account, at least in part, for why their use would be associated with increased odds of nicotine dependence. Of course, the present observational study is not designed to support or refute causal inferences regarding a direct role of the differing estimated nicotine yields in accounting for the observed preferences for FF cigarettes and associated increases in dependence risk in the subgroups of smokers examined. However, the large extant literature on the role of the reinforcing effects of ). Rectangles (nodes) represent prevalence of using FF or L yield brand cigarettes for the entire population (top-most node) or population subgroups (all others nodes). Nodes also list the proportion of the adult smoker population represented. Nodes wherein the majority uses FF cigarettes are bolded. Using the root node as an example, 49% and 51% of the US population of adult smokers use FF and L brand cigarettes, respectively; because prevalence of use of FF is below 50% the node is not bolded; the root node represents 100% of the US adult smoker population. Lines below nodes represent the binary yes-no branching around particular risk factors and risk factor levels, with subgroups in whom the risk factor/level is present moving leftward and downward and those in whom it is absent moving rightward and downward for further potential partitioning based on additional risk factors/levels. The bottom row comprises terminal nodes (ie, final partitioning for a particular subgroup). Note that minimal terminal node size was set to more than 1000 individuals. Terminal nodes contain the same information as the other nodes.
nicotine in promoting and sustaining smoking and dependence certainly would suggest a high likelihood of at least a partial contribution in that direction.
It is also important to acknowledge alternative ways for potentially accounting for the observed preferences for FF cigarettes and associated increased odds of nicotine dependence other than a direct effect of greater nicotine exposure. Rather than the relatively greater nicotine yields of FF cigarettes directly increasing the odds of preferring them and developing dependence, smokers who develop nicotine dependence for other reasons may switch brands to higher nicotine yields in order to more effectively avoid withdrawal or switch to lower yields to reduce the severity of their dependence (ie, reverse causation). Brand switching is common among regular cigarette smokers and is associated with changes in biological exposure levels. 35, 36 There is also room for both directions of causality between nicotine yield and preference/dependence risk to contribute to the results observed in the present study.
The findings of the present study have regulatory implications that merit mention, especially when considered in combination with experimental studies on the influence of nicotine levels in cigarettes on dependence risk. 5, [37] [38] [39] [40] The present study provides evidence that use of FF cigarettes is overrepresented in subgroups of smokers who are also known to experience a disparate proportion of the burden of tobacco-related morbidity and mortality (eg, economically disadvantaged smokers, racial minorities). [13] [14] [15] [16] [17] 41 As evidence along these lines accumulates, policy makers may want to consider regulations that further protect these populations against cigarette advertising and other targeting strategies along with policies that reduce nicotine levels in all cigarettes below levels currently available in commercial FF cigarettes, ideally to a subaddiction level. 3 Such regulations have the potential to help reduce the overrepresentation of FF cigarette use in socioeconomically and other vulnerable populations, reduce nicotine dependence levels in those populations, and to reduce the disparities in tobacco-related adverse health impacts that they encounter. Important to underscore is that countering the greater use of FF cigarettes and nicotine dependence risk in vulnerable populations by advocating switching, or adopting policies that encourage transition, to commercially available L yield cigarettes is not a viable option. While doing so may reduce nicotine dependence rates, there is also likely to be sufficient compensatory smoking and attendant adverse health consequences associated with L cigarette use to neutralize any benefits in terms of protection against smoking-related morbidity and mortality. 6 As mentioned above, the main reason for this problem appears to be that commercially available FF and L cigarettes typically have the same nicotine content, with reductions in estimated yield being achieved through cigarette engineering. Even though compensation is often only partial in terms of nicotine exposure, apparently it is sufficient to sustain compensatory smoking and attendant serious adverse health consequences. A more promising alternative is a policy that reduces the nicotine content of the cigarette to very low levels. Results from experimental studies using very low nicotine content cigarettes suggest that lowering content to 1.0 mg/g or below can reduce nicotine dependence with minimal increases in compensatory smoking and attendant increases in biological exposure to smoking-related toxins. [37] [38] [39] [40] That would appear to be a more fruitful direction for tobacco regulators to consider in efforts to protect these vulnerable populations from dependence-producing levels of nicotine exposure.
Of course, protecting socioeconomically disadvantaged and other vulnerable populations from the adverse effects of cigarette smoking will require improved tobacco control interventions in addition to the improved tobacco regulations discussed above. There is broad and growing recognition of this need as indicated by commentaries from thought leaders and special interest groups, 19, 42 empirical studies on new cessation strategies, [43] [44] [45] [46] [47] and population-specific requests by the National Institute of Health for research proposals on new cessation strategies in socioeconomically disadvantaged populations. 48 Tobacco control strategies that were sufficient in reducing smoking prevalence among more affluent populations and those without complicating comorbid conditions are clearly falling short with socioeconomically disadvantaged and other vulnerable populations.
The limitation of the present observational study in being unable to support casual inferences was noted above. The exclusion of institutionalized and homeless individuals, those in active military service, and the absence of information on sexual orientation in the NSDUH is also a limitation that was mentioned above. Whether use of FF cigarettes is overrepresented in those important population subgroups will have to be addressed in future studies. Lastly, the study was conducted with an exclusively US sample and thus whether the results can be generalized to other countries with different tobacco regulatory policies will also need to be determined in future studies. These limitations notwithstanding, the present study demonstrates that use of machine-estimated high nicotine/tar yield cigarettes is overrepresented in socioeconomically disadvantaged and other vulnerable populations of US adults and associated with increased risk of nicotine dependence. As such, greater regulation of this cigarette type may be warranted. 
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